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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an element isolation structure 
for reducing the width of an element isolation region for separ ating a well 
area, and reducing the junction capacitance of an impurity diffused 
region. 

SOLUTION: An element isolation area (STI) is formed so as to make the 
depth from a semiconductor substrate surface be different, 
corresponding to the width of the element isolation area of this 
semiconductor device. The width of the element isolation region 9 for 
isolating the well region is reduced and the junction capacitance of the 
impurity diffusion region is reduced. The semiconductor device is 
provided with a semiconductor substrate 8, the element isolation region 
(STI) composed of plural grooves 9, 10 and 11 where insulators are 
embedded, and a well region (N well) 1 2. Two or more kinds of the 
grooves of different depth from the semiconductor substrate surface 
area present, the width of the deep groove 9 is wider than those of the 
shallow grooves 10 and 1 1, and the depths from the semiconductor 
substrate of the well region 12 is deeper than any of the plural grooves 
9-11. 
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^-stsp.i^ (sti) tBft-rz. vx)i®m<Dftm>z'i7 
titcm&wm 9. l.o. 

5>8tSgttS (STI) i. ^xjU|gL3t (Nijxji,) l 2<b 

«Jbi?fiEL/. su.»i*9aai<»« i o. i i j: otitis 





[l#B*5fl#©fSffl] 

sirie^s»Sfi ta&is, s titc o x n^ti . 

irlB¥«t*»£Stffia> 6©& 3 #*WffJ«:it& s 
»it^2 tcetfcg>¥*ftgjE. 

8 3 '*» 2 wwA±9tE*&mm.»iiwt>& * ti &«&© 
ft. 

T&sttmm 4 CCKtft<D¥&ttSaE. 

a>*p©&;*#&«>j£C>i?lW\ gfria^x^j^w^tc^ 

BR 3 nr t» * c i * i -r & it 4 x «ts*^ 5 ft 
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mrie^ 1 ©)®iBirie^f*g«(c^ 1 ©x ysrjg 

U BuIH^««:SS©§r3E©{4atc 2 iS«±©i*# 

BufBm2©JS«:^14x»^>y«riSL. mffB)a&©?$t 
©5*i4>fr< 4 &fifcifI©&l»«CCttgrfEi&2©Jg*:g& 

r— fi>a< itsfc*i©jri.»?»r«?»cf3©BiriB^2 

BH?Lfcfit2©|g£v;** tor . fJlB^zSttgffiJCJB 

uft<Dm<Dmm#&&mffifrh corns z$ 6(cai< -rs 

iwlBJS 2 ©x > V<rM'}>U <th HtflBfi 4> tI©El » 
?»©(£(cgi 3 ©JS£*®3 tf£ Ifl<L 5r(® A C £ £1$ 
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ss± *£¥«f*s&g©§3i§:fri£. 
mmJM8] uia^2©ji©KJi«. i5^*«ftse 
ccjBEj3n-stirgasfc»i©isi^©«i© \/zm*>t> 2 
far* * c 4 ««it t r * raw 7 kr etftz>0¥9f*st 

S©S3ii^a. 

[IMSS9] SillBffn ©1^0^182 ©Jgfcfc. SSflB 
^2 ©x ^ ^>^cc*tLrWiB^»SSJ: ») t x i. ^ 

m8 lCSBtS©¥iSf*£B©3!Ba:fri£. 

10 [§B#gno] MrR*3<z>jRi*. tm#-ab*ct% 

[S*«3911] B*SBSS3©M£iia3tt*IiI©B(rK: 
MsB®2©ja*^r*C t*#Sitfr-5if*J17 75M 
IS*3S1 0©^-rh*»{cfe«©¥«#«S©Si!Ji*a. 

co 0 0 1 ] 

20 [0 00 2 j 

ntcm+ft&mmzimtt&iit&ztitcm axf, st 

I (Shallow Trench Isolation) -CVkfSS i>i§i^ 
(Cfco-C. f iftIStcM3n/c4t©S T I B, PJ 
CffdtC«lXdti-CC»« <02 3#JBO. S2 3tt. fit 

©£®«:N^X;l/7*5Jf5^3tl-C^5. 
it. N V xjI 7 (Dtfrnffimtc ST I 3. N^xjU7(*J(C 
30 S T I 4 &&¥*f*Sfi 81JCSTI5 ^-5-ti-e t *i^B5 
StlTOS. N^XJl/7(CBP^|fi!Bja£tft^ 

[0 00 3] N->xjl/7rt©ST I 4{dS«y*PST 
©S T 1 5 CCKST S NSf^iK^ffitJSgia 2 n0X"C>? 

xji/-jsf£Eacf->x;i/^i?©sT i 3 tcmtitrz PMSl 
^•xmcicwtMLtam^. sst i ©iESPftia-c^i 

40 fe-S^MIJirSSi . S T I ti©Ba^«02 4 ©KfttSCC 
*T«fc5JCttS. S2 4©SJtt(i. ^<>^^;u-*?px 
5©{c£^/jrS T I fiflSMi&OTWIMSft^ntb. MM 

«. sTi**wi/ti»5. E«aA«. m§z*H®m8. 

iST 1 raiKftgtS'JjiAlSSOST I {C^ffi^i 

(sts) f«9©st f icmt&r&wmimMim<D'i> 

[0 004] rsjOST I4I-Cib$5L/cta^«Cit. ^x^I/ 
SO m&<DS T I 3 (BfiifijR— ^x;U (Sffi) f«j©S T I 
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<OST I 3tD^^-^xjU (SS) ?g(DSTI4. 5 
r£>& tt Wc r U*. <S«> rtcoST I ~C 

^x;^#OST I 3<£*I#02#<Z>Wc rtJ: 

(ss> f^cdst i 4, 5cc*5c^r^si-rejet±cc^ 

[0 00 5] 

C^^W^UiOit- Z>mM] fcLhOJ^fc, ST I 

-fifiis©afl[*ns- <■-&■«■£ ^xju^j*(Digsr^< &o . 

^M£»MiSi^x^^PNS^§ffi^A*< ft 

ST I jSSBCc^iffi^^D^T -Y;KZ>e-^tts*«< 
5CtLfci^<D^^£H2 Slt^o H2 50^ 
^<^Ao?MftilKi^L. fltNtt. 43*f* 

tfc««©^tttt:7a:7 fti^Dti, £x;l/ft$|uz> 

ST I*y!*i«T^»^D7r-f^ (STIB« 
Wc r tCM§£) . ttffiEC2» "JxjuatffOST I stefc 
Si1-5T^a7*D7 7 ^;l/ (ST I «=Wc r t<Dt§ 
^) , tttRFtX, |^-^x;U l*J<E>ST I ifi&& 

it^»^a7 7^;^-e^n^bltt^ fl c 30 
©±5«C, ^XJUJgW(OST I ««:l9iBWc r t J;9'h 
3<Gcfc^4T<54. C0STI fiBB©^Fi«»i*a[«:jfi& 

[0006] 

«o*^aF*©fiSE*ia*c4^r**; int. 
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J: 0 C 4 1 co^ffi 4 Lri> 

c>. me 

a^o^c^rni o *>sa>c 4 «rm2(D«Fa4 t>ro 

So 

[0007] We^(*^(C«JSS3 ti^WEIUmtf 

ti & Mots 4 as 3 ©tt*^', m$mt$Lft&m#> 

Iff l BlffB^ftSSCC^ l (7)x ? jfgffeu 

jBss-raxst . fnem i ox ? rzsvmk&mi&zm 

4, BWB»2 0B«c^ttX7^>ySr>fcb, ffireiKSt 
<Dfl}<D5 fciJ>fc < <b 4>§4>*s<D^C^C«Buia^2<DJ® 

»2©«4|»*T5Iii.. «riB»i©«2ac«>«t< t 
fc fulBg i> ^»CD*CCS^ b fc^ 2 ©«* 57 

ilt, «rgB*»#SRCC»2<OXy^>^*JSL 1 /!? 

*>e>©«S*3€>«:gg<-r*Xll4. SJ!B»2<DXv* 
>y©»fJ>tt< 4fcMIB^fciltsOfEtr^0[>4iCC^3(D^ 
**»3l*4Xattfll*fcC4*»«4l/TC*S. tl 

^ottM>o BUIB^3CD«^«S3ii^XflCDBuCC09 

iaw2©«*i»*-r*J:^ecurfeftt». 

[0008] 

x;u— UEE(DS T I CDJSSC^iSr^vgirjr-s^iBjiga 
tSTIM4©ttfft4*«-i"»ttH. H3». ST I IS 
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tc, *1#0. 2 5 am. SI£#0. 4 /imCDS i O, 
<b'(D«Stt^Ja^iAStl/c« (STI)IO, 1 1 <h. 
•I#0. 5 0 umV&2&\ . 2um©S iO, tt£© 

teiS(*^aa?>jA^n/c^ (st i ) 9 7Wf?/£snri,> 
S£TO#»sttt«« cn^xju) 12^ 0. lamoDgg 

i(STI) 9(DT^Cft£J;5K#*S3*iri>£. 
[0009] Jg»ft^a«?)ii^nfc?» (ST I ) 9, 1 

*»*d!Wfl)MOS jrcoUK«4|£t/rfll 
feU Nfi^KWCtkffiM 1 2 I*. ¥«fl«llO<>x;l 
£LT«MM-*. C<DJ:5CC. ^x;UJgf?or>ST I 9£> 
IpI— 0x;H^CDST I 1 0, llJ:Ofcai<-r 

^13£Pa^»ttlk««inoERi. SxjMW* 20 
1 3iNfflqF»««l!E««2IB©B»*«<ra«:43&J 

j§£ 9 fc<£<T&c c<z>HJ$£H2ccjn 

T I fiim207lfi«MAtt*mb. ttWK. ST I IK 
^0rc»S. S*gAt2. fiE3f£«SOg{rSB7Mttiftft& s 

T I mtK.ffi*?Z>V*)\,m.fl<DST I (H 2 3 OS T 

1 3) Kmmrzttmbtowm<D'*>*x>t>-mK 

*SiU ittilBt*. buIB*»»«K£ST I mtlcfo& 30 
^Ti>m— 0*)l> <g&) F*J<DST I (@23©STI 
4. 5, 01 CD 10, 1 1 ) KR&r*^*mtMH4l 

(HI ©9) «c|W8-rS^»Bl«:««i*B©^>*-XJV 
-iBBE«r*l/ri»S 0 ST I USsWgJCtt^ 
x;l/-SHBE*H^r6^x;l/^oST I SiZIttiiCD^ 
MttlftRttSEifcOS T I 3 J:0 *^CDS T I 9 CO*** 

[0 0 1 0 ] @2^-Tcfc^CC. ISJDSTIiO^ 40 
■>xjua»©ST I 9cD?ggt2. 0— 5x;u (gg) ^ 
CDSTI10, 1 l©«&J:Dfc»<«CoTl»5as. -5 

tfcfilb^C^ ^xjKSW^ST I 9coai3#fi£*J:D 
aKftofeot. BSKtRTJ^k:. PSa^j»«ffi«« 
«t 1 aVN97t«nttlft««2 ©K»©$xjU««»s(K 
<tt9. Cti6!ttt1RWCE>PN«^ga*/hS<.r*C 
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ttiD». fi£3fe»iS0D^x^|fi(DST I 3&&mt1r 
ttfflm-fuv ? <<)V (0 2 5 CDS T l(i«Wc r t 

corns) . a&Ft*. a—vx>u <sfi) rtcosTi i 

0. H3WWit5«l»?a77^k ffiiSHtt. 
*»W0?XJU%I|UDST I 9 (03) ^StTS^F 

<to. *^^cot»i§r«*si^acDa«Bft<biStt6g|t 

[0 0 1 1 ] fcU:. HSSW6C7KTJ:^tC^x^^CD^ 
*«c. H4*#JH^r»2<C«JS«t|ttW-r*. 04 

ffi«c»r«J:9K:, «W0. 2 5umrgg$^0. 4/i 
mr»5N^x;H 5(C»flE9ftfcST I lOi, 48 & 
SS#ST I 1 0<h[5lC-e^^^#{*Sfi8ffJtc^S 
tifcSTI 1 14,-8*S0. 5 0 /im-CSiSaso. 8 a 
mr**-5xjl/«»pccj|5J5S3tifcST I 1 4*s*«sn 
"Cl>S. C<OSS(6«r«. ST I 10. IK 14<0(8 

CO*. Pfi^MHRffittl <bNM^M«5S£*«g«2 
**. S«»BD*»6aS3 0. 1 MmCDggS^r^fi£?tir 

»««(N^x^) 15^, 0. l^mCD^S^^l. 
5 wmCDaiS^r'^^nTl^o C*i«:; miCDHJS 
InJDaiS-C^^. feLbCD^iSWIrfcSl 
CD^JSCT t mmic 0 x ;MS*£Q5>St£* f ^ * ^(naa 

[00 12] ;xec. 057!p^0 1 l£#SBLTJjl3<DH 

ffi*»?B'r*. 1912. l>T^«>*«#^iM035{i§Xg»T 
E^r*5. PS^y3>4«©*»«|«l 6±tCC 
VDft^Jftffiffcffi^fflc^t/'Ja^ftKl 7*0. 1 

I E (Reactive Ion Etchinq)&fc: <fc 0 0. 40m mfiS 
x**>y«rfT-»T. *zg(*SSl 6JC^3.0. 40a 
ra(D?S I 8 *JBfiEr S. »18li, *§CD^C^Sf l 8 a £ 
£l>i*H 8 b36»6mat3tiTl»5. Sll 8©«/jN*i (»1 
©J*t»SI I 8 a.<D?JMf) *0. 2 5 ami*r-S 0 -ecD 

, ^^Xvccj:0l**-r4 (05) . 
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[0013] ,X^-C. *«t*Sfi 1 6RZfZs 'J 3 >gft 
Sl7±tC0. 1 5 umJS©lfll ©>",> 3 >KfbJg 1 9 
&CVD (Chemical Vapour Deposition>S"CltS?1±S 

(06). CCV. C<D&.')t5;m\<Di/*)z2sm.<\M\ 

f;3>K^*^3i*-5H*>e>. *I©l*t,>8l 1 8 

^ffiUAdb-C. *I©l£<,»3» 1 8 b a*5&£K:tI#j££*i& 10 
UKffl«cgS3£;*ftS#. ^©jr^jatf&OKjEi^^ai 

©8a>??}l 8 a©^©21S*M;irfc5c£{C«S«>i&£ 

[00 14];fctc. i-";^>®ftei 9«C^LrCDE 

tzaoym-tsi. v f>y*?fotj/ 3 >sylk i 9 & 

0 . 15 i/mlgi^ s .i 1 .8.<0«. 4K>ttl4l I 
8a©flltt. CCTttWjltf. 0. 2 5txmr*ifc» 
9K:j:*)£±CC&&i&S4vci*«*s. 

i}I©j£l>Si 1 8 b©$It20. 5 0 /zm-C*-5/cS?>i'«; n 20 

>K<tl®i 9{c«fcor^{ca«>ii*n-cc^jM>. C© 

J:5&ffJtfc©&l>*>6. ^'J3>&fbjpl 9£#J0. 1 
5 ummm.%tfi*y?l'?TZ>tm<Dm>m\ 8 a©* 
{C«->';n>S{t^l 9^»jiSnfcffl-C*5*^ (§ 
©Etniil 8 b 3>gMfc^l 9»X7f>i' 
(07) . -£©&. ->';3>g{fcjgl 7<t?8 

ttg«>&£ ti/o k a >K<b)g l 9 4^ £Wtc or ¥ 

z3S(*S®l 64R I E (Reactive Ion Etching) tc«fc •) 
0. 4(imgg^tti??>yut, i>I©jEt>??tl 8 
b©SS«ffi^e>©iS34 0. 8 (imm (138) . 30 
yctc. *S©»t>j*l 8 atcSa>ji$*7ri»^ixij3>® 
fcKl9£NH. FTx^^>y^L/. m*SK:J:or 
&3CT>SttS8ll 8*ff5fiST-5„ C©»S0!l©J§^. jft 
©*|jWft'h-^Sr*SO. 2 5// mV&2>m<Oi£2&m 
4>S<tt& (09) . 

[0015] yctc. *agf*S1Sl 6±Kf2©i"j3> 
IS{bll2 3*C VD&(C«t«j 0. 8ym»ISitaStt 
£. C©S"j3>8S<blg2 3(CttU £"./:? >£MJtl 
7£*h i 1/tCMP (Chemical Mechanical Pol 

ishinq) &fc£'©tf'J *->>y*tfiL/. '>»Jn>KftB 40 
2 3©¥affc*?f "5. *t/T. '/ ^ >gftfi 1 7 ±© 

^•j3>K^2 3*iii, m+fmm® <sti> 

18a, 18 b. 1 8 c imfS.fi> (01 0) . ;X<C. 
£";=OttttKi 7«CDE£4>H, PO, tx,f> 

T. 4^<*gg©NOx;b2 4 <t N33?l6tttt«MHi«2 
5 c: P£34tttl£KtM32 e*»«-rs (011). is 
'J 3 >SffcBi 1 7 a big I 9 1* . 3U*ft£& 

W47»t^;lTJ&t>SC 43HBffl<DHfi so 
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ZBtiX? zm&tc^xm^tciss. 'J 3 >s«± 

tc*IW<0¥¥ti&B&gjA o ft: W&K *> |qttQ*Hl£ 
[00 16] *JC. 01 2X1*01 3£#H80T3I4© 

Hisw^si^-ri. c©^S6^rtt. 3u»f*gs©si£ 
^«HiQ'r&.'Hi 2sonai 3a. smttrnmnM 
iSxeKB0-c*s. **#g«u 6©^ffltt»';=j> 
a<hKi 7*^egLf*»f)iH©i2:i^i 8 b*©i";3 

tJ. 8iri2Sg3©SStS{flilSli; (057bS0 8) TNfcS© 
"C. C©a5^>©SiK«:^BS-rS. WOJCtr^fli 1 8 b*P© 
f Ua^BMUIl 9415 ^>^*L/»©SE$4^< 
T£Ifi©&JCi|@©iRC>iii 1 8 a<e8Ubi&£4vtb><MII 
1 ©t> >J 3 >|ftfbg! 1 9 -4»ff3 -*fc-4 SgJ-2 -©t*j 3 
>K{bK2 3£CVDj$«c<J:9 0. 8 jxmSftttfllU 
CMP^jti'iffll,>rc©i"J 3>&{t&2 3&Jj<y * 
»d/L/-CC©^>;3>K{tJg2 3©^ffl^k*tf ^. * 
L/C. -> y n >MlkM 1 7 ±©~> y =i>SfUi2 3 41^ 
£U S^ft^ia (STI) 18a. 18b. 18c 
(012). ^c«c. ^>;3>BfURl 7£C 

6KN-)iA24i N52^^ffi;iS{gB«2 5iP 
imMffltZB (N^i^*) t*Bf$.?Z> (01 

3) . c©^ife0!i©Kjg*tt-c*ai^a*0fiK-r-sc 

ttcjrO. ^l©jlSSWiig#©^«:WrS*«(*^ 
■«Hfi'r«C&«t-Cd«. ^3©H*feP9<bS)tc 

«ca»iAty^«^t L/t:ffll,»S©rXfl^B5{tSn 

[00 17]%CC. 01 4*#MUr^5©^W4Si 
?§T4. co&ttflrtx. ^!(*Rg©«iS^iS«:SilB 
r*. 0 1 4 tt. ¥9f^lBC[>ltfiXSiKSB-C»£. 

*«(*s« i 6 ©^sec-> 'j a >afua i 7 

^6ifa©^«.>« 1 8 a <£©-> 'J 3 >m<tm 19ti»f 
>m*-r-5$T'©IfI«. B?fB^3©*iS^£l5ID 
(057bS09) r&5©-Cc©8|5#©sftf!8£*Bg-r 

ig©»JI.»j» 1 8 atb©S/'J 3>^<t© l 9?rl^ 
>m*L/c>'J3>SfbSl 7 4CDESM, PO 

, rx»f>ysi*t«. -e©». *®t**«i 6±(c 

■>-;3>S<tI2 3 4CVDftt?0. 8/im?ia*S^ 
tti. *LT. CMPaft<t'£fll(,>TS'y3>KftJg2 

3*.iiy 7i/>yorcoj/u 3>K<tlS2 3*^«<b 

U.¥i«f*SttU 6±OS/>;3>KfbM2 3«Ht£U. 

?»1 8 a. 1 8 btcv";3>5tfb©2 3 4S«>^r^ 
iF»««« (STI) 18a. 18b. 18c 
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[00 18] IXIC. HI 5 71^31 9^r#MUr®60D 

mTZ¥m»m&<Dmmjj&*t&wTz>. hi snmm 

Utt/y3>!HtJgl740. 1 umSSiiaSif^o 
>^£tfoT. ¥*#S«1 6«tfll 8 ?* 

_ - - ». - •• ' - — — — - • A. , W W W "I~|WJ Tttjv«^tf» 

*r« (HI 5 (a) ) . 20 

[0019] mm&s& i 6R^> »; n >»t 

Ml 7_BcJfll O^U3>»^tBl 9£CVD&rJt« 
SttS (HI 5 (b) ) . %(c. S/yai/HMfcKl 9CC 

£<, «18©ft 4 *a<Di*l>?»l 8 a»^Un>KfbRl 
9CC£D^£KS*iA£nTl>5^ $5<Z)j£lnSl 8 b 

a^iaeoai i 8 c «. s";=i>MftBi 9&cj;oT 

6. -> , Jn>S$ftRl 94»*x^>^f5ifio» 30 
IV* 1 8a<D*(Ctt^U3>»ftlHl 9#S#iA£n/c 
«r*4*«. 8 b auf«f>HIM©i« 1 8c(0 

t<DV'j3>Bfl«l 9ltx?^>^|ft£3tis (HI 
6 (a) )„ -£<D&> ^y=J>gftHl 74jmcStf>& 

I 8 bRCftMBHB©?* 1 8 c<Z>S«aiffl^6<oaS3«:« 
<Di*lHpt ]8aiOS<t^ (i!6 (b) ). 

[0020] 3 6cc. mm&mmi 6. novk^mi 8 
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